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る 1)．この運動後の現象は遅発性筋痛症 (delayed onset
































N=5)，運動負荷直後 (E0群；N=5)，24時間後 (E1群；N=5)，48時間後 (E2群；N=5)，72時間後 (E3群；N=5)，
7日後 (E7群；N=5) にそれぞれ大腿四頭筋を採取し，TUNEL (terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate-biotin nick end labeling) 染色を行い，アポトーシスを評価した．またDOMSと小胞体
ストレスとの関係をGRP78 (78-kDa glucose-regulated protein) とCHOP/GADD (C/EBP homologous
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ペロンの1つがGRP78 (78-kDa glucose-regulated protein)
であり，GRP78の発現量はUPRの指標となる 1) 16)．これ
までに代謝性疾患，腫瘍や脳神経疾患などで様々な小胞













































(E3群：N=5) と運動後7日後 (E7群：N=5) に分け，大
腿四頭筋を採取した．屠殺に関しては，吸入麻酔 (ジエ








検出キット (In Situ Cell Death Detection Kit, Fluorescein)
















RNAiso Plus (タカラバイオ株式会社，東京) を加えホモ
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Fig. 2. Distribution of apoptotic nuclei in quadriceps femoris muscle. (A) Control. (B) Immediately after downhill running. (C) 24 hours
after downhill running. (D) 48 hours after downhill running. (E) 72 hours after downhill running. (F) 7 days after downhill running. Scale
bar = 50μm.  Apoptotic nuclei (arrows) are stained green with TUNEL. TUNEL-negative nuclei appear blue with DAPI staining.
Fig. 1. Appearance of the treadmill test for rats. The velocity
and inclination of the treadmill are variable.
ジナイズした．全RNAはRNase-free水を溶解し，繰り
返し遠心分離器で抽出し，分光光度測定法で定量化した．
その後Power SYBR Green RNA-to-CT 1-Step Kit (Applied
Biosystems, Foster) を用いて，逆転写を行った．定量的
PCRはABI Step One (ライフテクノロジーズ，東京) を
用い，製造者の説明書に従って行った．プライマーは
GADD 153 (sc-7351, Santa Cruz Biotechnology Dallas) と
GRP 78 (sc-13539; Santa Cruz Biotechnology Dallas) を使
用した．筋組織中の GRP78と CHOP/GADD153の
mRNAのグリセルアルデヒド-3-リン酸デヒドロゲナーゼ


































攣，筋損傷，炎症や活性酸素種 (reactive oxygen species，




Fig. 3. Apoptotic change in nuclei in quadriceps femoris
muscle as evaluated by TUNEL. The rate of TUNEL-positive
nuclei in E2 was significantly higher than in C (*P<0.05), and
returned to the same level as C in E7. 
Fig. 5. Change in the activation status of ER stress signaling in
quadriceps femoris muscle as evaluated by CHOP mRNA
expression levels. The expression level of CHOP/GADD153
mRNA in E2 was significantly higher than in C (*P<0.05), and
returned to the same level as C in E7.
Fig. 4. Change in the activation status of ER stress signaling in
quadriceps femoris muscle as evaluated by GRP78 mRNA
expression levels. The expression level of GRP78 mRNA in E2
was significantly higher than in C (*P<0.05), and returned to
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Abstract
Delayed onset muscle soreness (DOMS) is characterized by muscular discomfort that develops 1-2 days after exercise. It
is thought to be caused by muscle injury and inflammation, and reactive oxygen species are also considered to be involved,
but no consensus has yet been reached. Therefore, in this study, we focused the role of apoptosis in muscle injury. The
apoptosis cascade consists of a range of different pathways, in which endoplasmic reticulum (ER) stress has been reported to
induce apoptosis as a result of overactivation. The relationship between muscle injury and apoptosis has not been previously
reported. The objective of this study was to investigate the cause of muscle injury and to detect the presence of apoptosis in
rats after high-intensity exercise and investigate its association with ER stress. Wistar rats were made to exercise by downhill
running on a small animal treadmill. The exercise challenge consisted of five repetitions of a downhill run along a downward
slope of 15°at 20 m/min. Quadriceps femoris muscles (N=30) were harvested from rats in a control group (C: N=5);
immediately after exercise (E0: N=5); and on hours 24 (E1: N=5), 48 (E2: N=5), 72 (E3: N=5), and days 7 (E7: N=5) after
exercise. Apoptosis was evaluated by TUNEL staining. The association of exercise with ER stress was evaluated by RT-PCR
analysis of the GRP78 and CHOP/GADD153 mRNA. Apoptosis expression peaked at E2 compared to C, and was almost
equivalent to C on E7. Similarly, the levels of GRP78 and CHOP/GADD153 mRNA also peaked at E2 and were almost
equivalent to C at E7. Our results suggest that apoptosis is involved in DOMS, and it is at least partly induced by ER stress,
which provide one possible explanation of the pathology of DOMS.
